Photochemical studies.
Steady-state luminescence spectra were recorded on a Fluorolog-3 fluorometer (HORIBA Jobin Yvon). Fluorescence lifetimes were measured by time correlated single photon counting on an OB920 spectrometer (Edinburgh Analytical Instruments); fluorescence quantum yield was determined in reference to 9,10-diphenylanthracene.
Computational Details.
Density functional theory calculations were performed on the monomers, Z1-Me, E1-Me, as well as on the dimers, (Z1) 2 , (Z1-Me) 2 , 2, and 2-Me, with the quantum chemical program suite Turbomole.
[3] Gas phase structures were fully optimized with the BP86 density functional [4] in combination with the resolution-of-identity [5] and the def2-TZVP basis set [6] plus empirical dispersion corrections of the D3 type by Grimme. [7] Incorporation of empirical dispersion corrections was necessary to obtain the correct distance for the π-stacking of rings C and D, when compared to the experimental (Z1-Me) 2 structure. D3 corrections were used for all structure optimizations. The starting structure of 2-Me was created by manual modification of (Z1-Me) 2 . As no crystal data was available for 2-Me, various conformations were generated by Maestro's conformational search [8] und subsequently optimized with BP86/RI/def2-TZVP/D3. The same procedure was applied to Z1-Me and E1-Me. Tables S3 and S4 Single crystals of Z1-Me. For recrystallization of Z1-Me, a solution of 7.5 mg of the crystalline Z1-Me was dissolved in CHCl 3 (2.5 mL). The solution was filtered through a tight plug of cotton wool and the filtrate was collected in a 5 mL vessel. Hexane (2 mL) was slowly added above CHCl 3 to form two layers. After ca. 2 weeks, single crystals were obtained.
Phyllobilin-photoswitch-SI S5 X-ray crystal structure analysis.
X-ray data of a suitable single crystal were collected on the beamline ID29 at the European Synchrtron Radiation Facility (ESRF, Grenoble, France) with wavelength of 75 pm at 100 K.
The structure was solved using intrinsic phasing with SHELXTL-XT 2014/4 [9] and refined with SHELXL-2014/7. [10] Hydrogens at nitrogen atoms were found and refined with bond restraints. The absolute structure could be clearly determined about anomalous dispersion of solvent chloroform. Further details, especial disorder problems, are described in the section _refine_special_details of the deposited cif-file. 
E1-Me

Preparation of 2-Me by photodimerization of Z1-Me
Crystalline Z1-Me (3.20 mg, 4.9 µmol) was dissolved in 0.6 mL of Figure S1 . Structure of the non-covalent homodimer (Z1-Me) 2 , highlighting H-bonds between two Z1-Me modules. 2 and distances between the carbons atoms (C15-C16' and C15'-C16), between which the new bonds are formed in the [2+2]-cycloaddition reaction (other parts of (Z1-Me) 2 were deleted for clarity). 2 . Likewise, on the basis of the similar chemical shift pattern (in the lower field section of the spectra), Z1 in CDCl 3 / dioxane and in SDS were also indicated to be the non-covalent H-bonded dimer (Z1) 2 . In contrast, Z1 in DMSO-d 6 is predominantly monomeric (top). Figure S10b. Z/E-Photoisomerization of Z1 (7.0  10 -6 M in 50 mM aqueous potassium phosphate buffer, pH 7) after irradiation for 160 minutes by the fluorescent lamp, followed by thermal E/Z-isomerization in the dark; HPLC-analysis (Sosy III) after the irradiation and after subsequent storage of the solution for 20, 44 and 71 h at 23 C (during overnight stirring of the starting mixture with pure Z1, required in order to dissolve Z1 to the desired concentration, Z1 epimerized to epi-Z1, in part, see lowest trace). 
